A carotid body is a chemoreceptor located at the common carotid artery bifurcation. A carotid body tumor (CBT), also known as carotid body paraganglioma, is a rare, mostly benign neoplasm. A CBT can be recognized with sonography due to its distinct characteristics, location, and high vascularity. Its symptoms can range from asymptomatic to causing serious complications, such as cranial nerve deficits and malignant transformation. With increasing size, the CBT can compress or encapsulate the internal carotid artery (ICA) or the external carotid artery-nevertheless, there are no present cases in the literature suggestive of the possible occlusion of carotid arteries by even the largest CBTs. The purpose of this study is to present an interesting incident of a carotid body tumor coexisting with an occlusion of the internal carotid artery. In this case report, the size of the CBT and the patient's presentation with contralateral arterial carotid disease suggests that the most likely reason for the ICA occlusion has been atherosclerotic plaque rather than the CBT. It is therefore assumed that the two pathologies in this case study coexist with no relation to each other.
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A carotid body is a chemoreceptor located at the common carotid artery bifurcation. A carotid body tumor (CBT), also known as carotid body paraganglioma, is a rare, mostly benign neoplasm. A CBT can be recognized with sonography due to its distinct characteristics, location, and high vascularity. Its symptoms can range from asymptomatic to causing serious complications, such as cranial nerve deficits and malignant transformation. With increasing size, the CBT can compress or encapsulate the internal carotid artery (ICA) or the external carotid artery-nevertheless, there are no present cases in the literature suggestive of the possible occlusion of carotid arteries by even the largest CBTs. The purpose of this study is to present an interesting incident of a carotid body tumor coexisting with an occlusion of the internal carotid artery. In this case report, the size of the CBT and the patient's presentation with contralateral arterial carotid disease suggests that the most likely reason for the ICA occlusion has been atherosclerotic plaque rather than the CBT. It is therefore assumed that the two pathologies in this case study coexist with no relation to each other.
Symptomatic patients usually present with a palpable mass on the neck that can be associated with dysphagia, hoarseness of voice or other cranial nerve deficits, and, sometimes, hypertension. 1 The CBT can be recognized on various imaging modalities for its distinctive features and location. Treatment of CBTs has always been controversial because a surgical approach has been associated with a high risk of morbidity. The presented case discusses a CBT that is coexisting with occlusion of the ipsilateral internal carotid artery.
Case Presentation
A man in his mid-50s presented with right-sided arm, face, and leg weakness and aphasia. Hypertension was also noted. A duplex carotid sonographic examination was performed and the following information obtained: on the right, there was calcified plaque at the carotid bulb and in the internal carotid artery (ICA). Pulse-waved Doppler revealed an increase in the ICA systolic and diastolic velocities with an ICA/common carotid artery (CCA) peak systolic velocity ratio of 2.3. The findings in the right CCA and external carotid artery (ECA) were normal. The left CCA was also normal. A hypoechoic solid mass measuring 2.8 × 1.3 × 1.3 cm was noted at the bifurcation of the left CCA, causing splaying of the ICA and the ECA ( Fig. 1 ).
Color and power Doppler confirmed this mass to be very vascular; pulsed-wave Doppler revealed a monophasic low-resistance flow pattern within the mass (Figs. 2-3). Given the location and nature of the mass, a carotid body tumor was suspected. The left ECA had a slightly elevated peak systolic velocity of 125 cm/s, whereas the left ICA had no flow present on color, power, or pulsed-wave Doppler analysis. A diagnosis of the left ICA occlusion with a coexisting CBT and a 60% to 80% right ICA stenosis was made. A computed tomography (CT) angiography, noncontrast CT of the head, and standard biplane angiography were also performed with the following results: the left internal carotid artery was occluded at its origin but patent from the level of the carotid canal superiorly. It demonstrated calcified plaque in its cavernous portion, causing less than a 50% stenosis. The filling of this portion of the left ICA was observed to be through the ECA collaterals-namely, the ophthalmic and mandibular arteries. A hypervascular mass at the left CCA bifurcation was confirmed on angiography and CT scan, as consistent with a CBT (Figs. 4, 6) . Blood supply into the tumor was observed to be coming from multiple feeding arteries arising from the left ECA branches. The right ICA showed the presence of a focal stenosis at its origin, measuring greater than 65% to 70% due to eccentrically situated plaque. Furthermore, the examinations revealed an evolving infarction in the distribution of the left middle cerebral artery, with no evidence of fresh clot in the artery.
Intracranially, the left cerebral hemisphere was supplied by collateral circulation for the right internal carotid artery through the anterior communicating artery. Because of the patient's history of hypertension, a CT of the abdomen was also performed to rule out other paragangliomas, including pheochromocytoma. There was no evidence of the suggested pathology.
The patient successfully underwent a right carotid endarterectomy a month later. There is the possibility of surgical removal of the CBT in the future if it continues to grow or if there is a significant increase in hypertension. Because the ICA is already occluded, this would eliminate some risk and complication from the procedure.
Discussion
The carotid body is a chemoreceptor located within or outside the adventitial layer of the common carotid artery on the posteromedial aspect at the level of the carotid artery bifurcation. 3 Under normal circumstances, it measures 3 to 5 mm and cannot be visualized by sonography. 1 Histologically, it is identical to other paragangliomas; structurally, it contains catecholamine-bound neurosecretory granules. 3 The function of the carotid body is related to the autonomic control of the respiratory and cardiovascular systems. 1, 3 It detects changes in the composition of arterial blood gasses. In the event of hypoxia, hypercapnia, or decreased blood pH, an autonomic reflex is initiated, followed by an increase in respiratory rate and heart rate, together with vasoconstriction and elevation of catecholamines. 1, 3 The carotid body is also stimulated by an increase in body temperature and by certain chemicals such as cyanide and nicotine. 1 A tumor of the carotid body is the most common nonadrenal paraganglioma. 4, 5 Chronic hypoxia has been recognized as an etiology in the formation of a CBT and other paragangliomas. Recent biogenetic discoveries also reveal that mutations in oxygen-sensing genes are accounting for approximately 35% of cases. 6 The carotid body may become hyperplastic due to a lower level of oxygen at higher altitudes. [1] [2] [3] [4] Studies have found that the incidence of a CBT is 10 times higher in people living 6000 feet above sea level than in people living at sea level. 2 A CBT tends to occur more often in women, and familial and sporadic cases of CBT have been observed. 1 The inherited form is less common, found in only 7% to 9% of cases; it follows an autosomal dominant pattern. 1,3 A CBT appears bilaterally in 5% of cases with sporadic occurrence and in 32% of cases with familial transmission. 3 A CBT is usually benign and grows at a rate of about 5 mm per year, with malignant transformation in about 6% of all cases. 1, 3 No histological characteristics of malignancy would help to distinguish a malignant tumor from a benign form. 1, 4 The diagnosis should be made based on the presence of metastases to regional lymph nodes, brachial plexus, cerebellum, lung, bone, pancreas, thyroid, kidney, and breast. 3 Most patients with CBTs present at the physician's office with a palpable neck mass below the angle of the jaw that is laterally mobile but vertically fixed. 3, 4 Occasionally, the mass may transmit a carotid pulse or demonstrate a bruit. 1 With increasing size, the CBT can result in hearing loss, dysphagia, hoarseness of voice, tongue paresis, or vertigo. 1, 4 A CBT larger than 5 cm is generally associated with cranial nerve deficit. 2 A CBT can trigger secretion of catecholamines and cause uncontrollable hypertension that may mimic the behavior of pheochromocytoma. 2, 4 All CBTs are very vascular, with blood supplied from ECA feeding vessels. The size of a CBT has great significance in clinical manifestation and also for treatment purposes. A classification system based on tumor size was introduced in 1971 by Shamblin. 1 Group I tumors are small and can be easily dissected from the arterial wall. 1 Group II tumors are paragangliomas of medium size that adhere to the carotid adventitia and may compress the vessel wall, whereas group III tumors are large (more than 5 cm) and completely encase the carotid artery. 1 A CBT causes splaying of the ICA and the ECA above the CCA bifurcation as it enlarges; nevertheless, even large tumors tend to surround the ICA and ECA without significant compression. 3, 4 The differentials for a CBT include lymph nodes, metastases, salivary gland tumors, cervical cysts, carotid artery aneurysms, and brachial cleft cysts. 1, 4, 7 The increasing use of sophisticated imaging modalities may allow earlier appreciation of CBTs before they can be detected clinically. Most CBTs are asymptomatic and are discovered incidentally during sonographic evaluation of the carotid arteries. High-frequency sonography is useful to determine the location of the CBT and its blood flow characteristics. A wide splaying of the ICA and the ECA at the carotid bifurcation by a hypoechoic solid mass is a typical observation (Figs. 1, 5) .
With color and power Doppler imaging, a hypervascularity will be appreciated. A pulsed Doppler waveform will show a low-resistance flow pattern (Figs. 2-3 ). Because the CBT is supplied by branches of the ECA, the ECA waveform may be altered from its typical biphasic appearance into a less resistive monophasic waveform. Sonography is used to differentiate a CBT from other cystic and nonhypervascular masses in the neck and represents a noninvasive modality of choice for the initial diagnosis of CBTs. 8 In addition, it may be of use in the screening of family members for inherited CBTs and for sequential follow-up of nonoperatively managed tumors.
Angiography of a CBT displays the typical appearance of a pathognomonic tumor blush splaying the ICA and the ECA, as well as the feeding vessels ( Fig. 4) . 1, 4 CT imaging will demonstrate a solid mass that shows homogeneous enhancement on contrast administration (Fig. 6 ). 4 CT is also the superior modality to use to evaluate for other possible paragangliomas or metastases in distant sites. 4 Magnetic resonance imaging (MRI) and MRI angio are often used for their ability to define the extension of the tumor in relation to the carotid arteries, to determine the involvement of the base of the skull, and to image bilateral tumors. 2 Because there is familial incidence of CBTs, a screening of family members should be recommended. Patients with paragangliomas very often develop multiple tumors; therefore, the contralateral side should always be evaluated, and a search for other possible paragangliomas should be considered. A fine-needle aspiration or biopsy is not recommended for diagnosis due to the high vascularity of the mass.
Treatment of CBTs is controversial because most of these neoplasms are benign. Surgery and radiation therapy represent the main treatment modalities for paraganglioma. 1, 4, 5, 9 Surgical treatment of a CBT carries a high risk of injury to the cranial nerve (causing neurological deficit), injury to the carotid arteries (causing stroke), and excessive blood loss. Generally, the larger the CBT, the greater the risk of complication. A surgical excision with careful subadventitial dissection is the treatment of choice for most CBTs (Shamblin I and II). 1 Surgical excision of a Shamblin III CBT requires resection of the ECA and/or the ICA, if operable. 1 Excessive bleeding can be managed by preoperative embolization and shunting of the ICA. 1 Patients who are not surgical candidates are recommended for periodical screening to evaluate the growth of the tumor or eventual metastasis. 4 Radiation therapy has recently been shown to have good results in treating CBTs in patients with extremely large neoplasms and in those unable to have surgery. 1
Conclusion
Although a CBT is considered a rare pathology, it is the most common form of head and neck paraganglioma. There is the possibility of encountering this neoplasm with frequent carotid evaluation. CBTs occur in familial and sporadic forms. Most are asymptomatic or present as a neck mass. Symptoms such as pain, hearing loss, dysphagia, hoarseness of voice, tongue paresis, vertigo, and other cranial nerve deficits are also not uncommon with large tumors. With increasing size, the CBT can compress or encapsulate the ICA or the ECA. Nevertheless, there are no present cases in the literature suggestive of the possible occlusion of carotid arteries by even the largest CBTs. In this case report, the size of the CBT and the patient's presentation with contralateral arterial carotid disease suggest that the most likely reason for the ICA occlusion was atherosclerotic plaque rather than the CBT. A CBT has distinct image characteristics on sonography evaluation that help to differentiate it from other pathologies. Angiography is the gold standard for evaluating a CBT, although noninvasive techniques, such as sonography and MRI, are also proving to be very good diagnostic tools. Because smaller forms of CBTs are easier to treat surgically, the area of the carotid bifurcation should be carefully assessed during carotid sonographic studies. Surgical resection by an experienced vascular surgeon is the treatment of choice, although radiation therapy is recommended in cases when patients are not surgical candidates or have very large tumors, where the risk of injury to the carotid arteries and/or cranial nerve is significant. Patients should be examined following a treatment for eventual metastasis or recurrence of the tumor.
